Severe acute malnutrition (SAM) in children aged 6 -59 months remains a public health problem worldwide. [1] Childhood SAM is defined as a weight-for-height <-3 z-score of the median of the World Health Organization (WHO) growth standard, [2] or the presence of clinical signs of bilateral pitting oedema of nutritional origin (oedematous malnutrition), despite other measures being above specified cut-off values. [3] The 2016 joint report on child malnutrition estimates, which was developed by the World Bank, WHO and the United Nations Children's Fund (UNICEF), [4] indicates that although stunting has declined over the past 5 years, it remained as high as 23.2% in 2015. However, wasting has risen slightly to 7.4% within the same period. The joint report also indicates that in 2015, more than half (56%) of all stunted under-5 children lived in Asia and more than one third (37%) lived in Africa. Regarding wasting, 68% of all wasted under-5 children lived in Asia whereas 28% lived in Africa.
The WHO 10-step guidelines for management of severe malnutrition were developed for this purpose. [8] The guidelines are currently promoted worldwide as the standard by which children with SAM should be treated. [9] Some studies have shown that with strict adherence to these guidelines, mortality can be reduced to <15%. [10] In 2004, Puoane et al. [11] conducted a study in rural hospitals in South Africa (SA) to explore why some hospitals achieved better outcomes for severely malnourished children than others. They concluded that the WHO clinical guidelines and external training are valuable, but they may be insufficient to ensure quality of care. They identified a need for a self-sustaining programme that should focus on continuous in-service training for healthcare workers, supervision and audit of the process of care, and parallel interventions for senior hospital and clinical managers to foster leadership and teamwork. They also concluded that for the WHO guidelines to succeed, tasks have to be performed assiduously and consistently by the frontline healthcare providers.
In response to the recommendations from Puoane et al., [11] we developed, implemented and evaluated a comprehensive health system strengthening intervention in two of the district hospitals where their study was conducted. In contrast to previous research that evaluated similar interventions, [10] we used a robust impact evaluation design -the interrupted time series (ITS) design -with a view to assessing the intervention's short-term effects on mortality levels and trends attributable to SAM, as well as the sustainability of these effects after completion of the research. More specifically, the objectives of the study were as follows: • to develop a package of interventions targeting healthcare workers, hospital managers and administrators, and other support structures within and outside two purposefully selected hospitals, with a view to improving the organisational structures, health workforce capacity and processes of care • to implement the same intervention in each of the two district hospitals over a specific period of time • to discontinue the intervention and assess, in each hospital, whether the discontinuation would result in a shift in the levels and trends of case fatality rates (CFRs) attributable to SAM compared with levels and trends in the pre-discontinuation period • to compare the temporal changes in CFRs attributable to SAM between the two hospitals before and after the intervention was discontinued.
Methods

Setting
The study was conducted in two rural district hospitals located in the Eastern Cape Province (EC) that were already implementing the WHO treatment guidelines. [11] In this article, the two hospitals are referred to as hospitals A and B. The hospitals were selected based on the fact that they had participated in the initial province-wide intervention to improve the management of SAM in the EC and had been implementing the WHO 10-step guidelines more effectively than other hospitals in the region. However, hospital-level statistics at the time of the current study had revealed that the annual CFRs attributable to SAM had increased in excess of 25% in hospital A and 32% in hospital B since the last intervention by Puoane et al., [11] which was implemented in 2004 in the same facilities.
Standard of care
The standard of care consisted of routine care processes, such as: patient diagnosis on arrival at the facility; documentation of clinical/ medical history; disease classification; HIV testing and disease staging; documentation of the treatment protocol to be followed and admission of the patient to the ward as required; and treatment of the patients by the health worker using the WHO 10-step guidelines. The inputs and infrastructure included: available amenities/facilities; medical equipment; therapeutic resources; hospital support services; financial resources and incentives; and therapeutic guidelines (WHO management protocol).
Study intervention
The study intervention was modelled on a similar clinical guideline-based intervention implemented in Kenya as part of a cluster randomised trial to improve paediatric care and outcomes in Kenyan hospitals. The intervention was designed to ameliorate treatment outcomes through improved organisational structures, health workforce capacity, and processes of care. [12] The current study intervention was designed to achieve similar goals, but was adapted to the local context and the disease of interest. In addition to the standard of care, the current study intervention included inputs and processes as described in Table 1 . The components of the study intervention were introduced in each hospital from January 2009 to August 2011.
Intervention theory of change
The intervention theory of change for the current study is summarised in Fig. 1 . The components of the study intervention and the standard of care are all embedded in the theory of change as shaded and unshaded boxes, respectively. As shown in Fig. 1 , each activity was designed to be executed using specific resources and to generate specific outputs which, as a collective, would result in a cascade of outcomes (short-, medium-and long-term outcomes). Each level of outcome, whether short-, medium-or long-term, had specific targets to be met during the evaluation period.
Study design
This study was approved by the University of the Western Cape Research Ethics Committee (reg. no. 12/10/37). It involved an ITS study design, which has been shown to be a rigorous quasiexperimental alternative to randomised control trials when the latter are not feasible to conduct and time series data are available. [13] As far as could be ascertained, the ITS design has not been used before to specifically assess the impact of discontinuing a facility-based nutrition rehabilitation intervention involving the WHO clinical guidelines for management of SAM. Some scientists have also argued that the ITS is the strongest quasi-experimental design that can be used to evaluate longitudinal effects of time-defined interventions. [14, 15] The method usually involves the measurement of a variable (or variables) of interest before and after the introduction of specific interventions to assess whether the intervention has had an impact on that variable over time. [14, 15] The impact of the intervention can then be measured by assessing the level and trend (slope) changes of that variable over time, which are presumed to be affected by the presence of the intervention alone.
During this study, we used the same ITS notion. However, we assessed whether discontinuing the study intervention, instead of introducing it, would have an effect on the level and trend of three specific mortality outcomes, i.e: (i) total monthly SAM CFR; (ii) monthly SAM CFR within 24 hours of admission; and (iii) monthly SAM CFR among cases with HIV infection. The calculation of these outcomes is explained further below. The resultant study design was therefore an ITS design with an embedded 'removed intervention design' . The aim of the removed intervention design was to demonstrate that mortality outcomes improved or worsened with the presence or absence of an intervention -a result that could be otherwise explained only by a threat to validity that similarly rose and fell over the same time period. [15] Fig . 2 illustrates the removed intervention design used in this study. The same intervention was implemented in each hospital over a period of 32 months (from January 2009 to July 2011). Thereafter, the study intervention was discontinued (solely because of the end of the funding period), but mortality outcomes of interest were monitored for a further 37 months (from August 2011 to September 2014). The sustainability of the study intervention was therefore determined from the pattern of mortality outcomes in the period after July 2011, when components of the study intervention that required researchers' input were no longer active. During this period, both hospitals were presumed to be managing SAM cases independently.
This approach was applied to time series data from both hospitals so that results could be compared. The use of a second group in Table 1 . Activity components of the study intervention that were added to the standard of care
Component
Purpose Three-monthly hospital visits conducted in each facility by the research team Assess patient care and treatment outcomes using a standardised questionnaire Six-monthly feedback sessions (performance review) presented by the research team to the clinical and management staff in each hospital Report on findings based on the previous visit Regular induction sessions conducted by the research team for newly appointed nurses or nurses rotating in the paediatric ward Introduce nursing staff to the use of the guidelines and the study's information system Provision of job aides. These included:
• medication dosage chart to use during the administration of antibiotics, multivitamins, electrolytes and antiretrovirals as applicable;
Facilitate patient care practices and documentation of treatment procedure and outcomes To mimic the role of a clinic-based ward supervisor -in this case a senior nurse in the paediatric ward Baseline identification of a full-time senior paediatric nurse based in the paediatric ward in each hospital. The paediatric nurses were continuously mentored to sustain the intervention during and after the study period Senior nurses acted as mentors for junior nurses and newly appointed or rotating nurses. The mentors introduced these nurses to the utilisation of the intervention components over and above their routine duties, such as solving on-site problems and managing patients Facilitating links between the hospitals and other support structures, such as laboratory services and blood banks Improve operational efficiency during emergency situations
Six-monthly advocacy meetings with the hospital management team
To alert hospital management to issues hampering optimal patient care and some of the ways to improve the status quo, as well as targets for improvement Linkage with a facility-based social worker, who initiated a follow-up process with community-based and government departments To ensure that SAM patients who are discharged receive adequate support to prevent relapses and readmissions to the hospital ITS analysis has been encouraged by some researchers. [13, 16] However, in our study, both hospitals received the same intervention for comparison purposes, unlike in traditional multiple-group ITS, where control groups do not receive the intervention.
Study outcomes and measurement
To enhance the internal validity of the study, monthly mortality statistics for SAM were recorded objectively by a trained research nurse in each hospital, using a standardised performance monitoring tool developed by the research team. Data recorded included, among others, number of: total ward admissions; ward deaths; ward admission due to SAM; deaths due to SAM; deaths due to SAM among HIV-positive cases; deaths due to SAM within 24 hours; and children admitted with SAM receiving child support grants. In this study SAM was defined at admission as per the Wellcome classification system. [17] It was also important that the data collection process was not influenced by the intervention. Therefore, the research nurses were blinded to the aim of the study and the use of the data collected over the study period. Furthermore, the composition of the dataset at each time point measured in the study consisted of at least 95% of SAM cases that were treated in each hospital over the study period.
At the end of the study period (November 2014) the research team used a standardised registry abstraction form to gather all the data collected by research nurses over the study period. The data pertinent to this study were retrospectively verified, as far as possible, for precision, timeliness, comprehensiveness, validity and accuracy. This dataset included the total number of admissions due to SAM, number of SAM admissions with HIV infection, total number of deaths due to SAM, total number of deaths due to SAM that occurred within 24 hours of admission, and total number of deaths due to SAM among HIV-positive cases. Using these metrics, the following three study outcomes were calculated:
• total monthly SAM CFR • monthly SAM CFR within 24 hours • monthly SAM CFR among HIV-positive cases.
Since the CFR for either outcome in any given month was dependent on the number of patients admitted with SAM in that month, it was important to transform each outcome so that the monthly CFRs of interest were weighted against the corresponding denominator for that month. Thus the monthly outcome statistics used in this evaluation were computed as follows: 
Data analysis
The data were transformed and analysed in Stata 13.0 (StataCorp., USA) using a widely used method developed by Linden. [17] The ITS analysis involved two groups in which data from the two hospitals were compared to determine whether there were similarities in parameter estimates of interest. The key assumption underlying the two-group ITS analysis was that the change in the level and/ or trend in the three outcome variables was the same for both the control group (in this case hospital A), and the other group (in this case hospital B). It was assumed that the confounding variables affected the two hospitals similarly. [17] The major strength of the twogroup ITS analysis is therefore its ability to test for comparability between the two hospitals, thereby supporting the predicted effects or lack thereof. In this study, the regression model equation for the two-group analysis took the following form, which is detailed in the article by Linden [17] where:
Yt= β0 + β1Tt + β2Xt + β3XtTt + β4Z + β5ZTt + β6ZXt + β7ZXtTt + εt Yt = outcome variable measured every month t during the study period Tt = time since the start of the study in January 2009 Xt = dummy variable representing the presence or absence of the intervention (in this study, the intervention period = 0 and the period after the intervention discontinuation = 1) Z = a dummy variable to denote the group assignment (hospital A or B) XtTt, ZTt, ZXt, and ZXtTt = interaction terms β0 = the intercept (starting level of the outcome variable) β1 = the slope (trajectory of the outcome variable until the 'removal' of the intervention) β2 = the change in the level of the outcome that occurs in the period immediately after the removal of the intervention β3 = the difference between pre-and post-intervention discontinuation slopes for the outcome β4 = the difference in the level (intercept) of the outcome variable between the two hospitals before the discontinuation of the intervention β5 = the difference in the slope (trend) of the outcome variable between the two hospitals prior to the discontinuation of the intervention β7 = the difference between the two hospitals in the slope (trend) of the outcome variable after the discontinuation of the intervention.
The ordinary least squares (OLS) regression model was estimated for each outcome variable, with the Newey-West standard errors to handle autocorrelation and possible heteroscedasticity. The Cumby-Huizinga test was used to verify whether the model estimates accounted for the correct autocorrelation structure. Model estimates were also plotted for visual inspection of actual and predicted trends and levels in the outcome variables before and after the intervention was discontinued. 
Results
The regression model coefficients, 95% confidence intervals (CIs) and p-values for (i) weighted total monthly SAM CFR; (ii) weighted monthly SAM CFR within 24 hours; and (iii) weighted monthly SAM CFR among HIV-positive cases are presented in Table 2 , and the corresponding graphical visualisations of level and trend changes are shown in Figs 3, 4 and 5, respectively. The Cumby-Huizinga test revealed no autocorrelation at any of the 69 lags for the regression models fitted on all three outcome variables. The model-predicted line plot in Fig. 3 shows that the starting level of the weighted total monthly SAM CFR was about 17% in hospital B, which was 4% higher than in hospital A. However, this difference was not statistically significant (CI -3.36 -4.62; p=0.338), as shown in Table 2 . There was a downward trend in weighted total monthly SAM CFR in both hospitals during the intervention period, with small differences that were not statistically significant (β=0.09, CI -0.35 -0.54; p=0.668). Contrary to hospital A, hospital B had a statistically significant monthly reduction of 0.4% in mortality during the period within which the intervention was active (β=-0.40; CI -0.76 --0.04; p=0.028). The level and slope changes for both hospitals during the intervention period are shown in Fig. 3 . The trajectory in mortality in both hospitals appears to have moderately fallen during this period.
The results in Table 2 and Fig. 3 also show that after the discontinuation of the intervention, there was a very small and not statistically significant increase in the weighted total monthly SAM CFR in both hospitals. The CFR increased slightly every month by 0.04% in hospital A (β=0.04; CI -0.10 -0.18; p=0.583) and by 0.07% in hospital B (β=0.07; CI -0.08 -0.23; p=0.358). The difference in slope between the two hospitals after discontinuing the intervention compared with the intervention period was very small (-0.03%) and not statistically significant (p=0.752). Again, these results indicate that the trends in CFR were comparable between the two hospitals throughout the study period.
Weighted monthly SAM CFR within 24 hours
As shown in Fig. 4 , during the first month before the introduction of the intervention, the weighted monthly SAM CFR within 24 hours was again higher in hospital B (5%) compared with hospital A (3.7%), but this difference was not statistically significant (p=0.601). Early CFR declined steadily every month in both hospitals during the intervention period, but the difference in slope between the two hospitals was not statistically significant (β=0.02, CI -0.22 -0.26; p=0.861). The trend analysis post intervention discontinuation shows that both hospitals experienced a very negligible monthly increase in early CFR. Hospital A had a month-to-month increase of 0.01% and hospital B an increase of 0.02%. These results show that levels and trends in the weighted monthly SAM CFR within 24 hours were statistically comparable between the two hospitals during the study period. Table 2 show that the baseline level of the weighted monthly SAM CFR among HIV-positive cases in both hospitals was ~12%, which declined at the rate of 0.11% every month in hospital B during the intervention period, and at a monthly rate of 0.05% in hospital A. The trend estimates post discontinuation of the intervention show that mortality trends remained fairly constant. There was a very slight and not statistically significant monthly increase in mortality of 0.01% in hospital A, and a negligible monthly decrease of 0.03% in hospital B.
Weighted monthly SAM CFR among HIV-positive cases
Discussion
The ITS design has been widely documented as a powerful quasiexperimental design that can be used to evaluate the effects of interventions when random assignments are not feasible. [14, 15, 18] This study used the ITS design to assess the short-term and sustained effects of a health system strengthening intervention on mortality attributable to SAM in two hospitals located in the EC. Traditional experimental and quasi-experimental research in public health has involved testing the effectiveness of an intervention following its introduction, but without due regard to the sustainability once it has been discontinued. This study therefore used a novel approach in the area of SAM, which can be explored further in future research using other performance indicators of choice.
This study revealed that the intervention was associated with a downward trend in all three mortality outcomes during the intervention period in both hospitals. However, this effect was not statistically significant, except for the total monthly SAM CFR in hospital B, which was significantly reduced during the intervention period. By design, the trend in mortality during the intervention segment, projected into the period during which the intervention was not active, served as a counterfactual. [16] Graphical inspections and regression model estimates for all three mortality outcomes showed that the effects realised during the intervention, although not always statistically significant, were slightly reversed after the intervention was discontinued, but the reversal was very minimal compared with the trends in the intervention segment and not statistically significant. This finding can also be explained in light of the actual targets set for this study. The theory of change for the intervention posited that the study intervention would reduce the total SAM CFR to 10%, the SAM CFR in 24 hours to 5% and the SAM CFR among HIVpositive cases to 10% midway during the implementation of the project. When considering the model-predicted baseline levels for each outcome, as shown in Figs 3, 4, and 5, these short-term targets were met. The medium-term targets involved a reduction in total SAM CFR to 5%, the SAM CFR in 24 hours to 0% and the SAM CFR among HIV-positive cases to 5% just before the discontinuation of the intervention. Again, based on the model-predicted mortality levels shown in Figs 3 and 4 , the first two targets were met in both hospitals. However, the target of reducing SAM CFR among HIVpositive cases to 10% was not met at hospital A, unlike at hospital B, as shown in Fig 5. The theory of change also posited that the levels of mortality for all three study outcomes -which were realised before the intervention was discontinued -would be maintained during the period when the intervention was not active; however, these targets were not met, indicating that the presence of the intervention had a positive effect on the outcomes of interest.
Despite the lack of statistical significance, however, the predicted changes in mortality trends during the intervention period demonstrate the possible effect of the intervention on mortality during this period. To our knowledge, the intervention occurred independently of other changes to the healthcare milieu during the study period. Furthermore, the shifts in mortality trends and levels were similar in both hospitals. This lends support to the view that the effects reported in this study were unbiased and associated with the corresponding presence of the intervention. [16] The lack of statistically significant reversal in the effects realised during the intervention period for all three outcomes is unlikely related to the number of data points used to estimate the effects. There is evidence to show that the minimum number of data points required to detect the effect is 12, before and after series interruption -in this case the discontinuation of the intervention. [19] The current study involved 69 data points in total, 32 of which were used in the pre-intervention discontinuation segment and 37 in the segment following the discontinuation. It is therefore possible that the effects were reversed, but not to levels that would have shown statistical significance. An ethnographic study would have provided more elaborate insights into the process of care and the dynamics within the healthcare environment throughout the study intervention, to help validate the estimates reported here. Taljaard et al. [18] have cautioned about using ITS design to evaluate disease management interventions in healthcare facilities, as the process of care may involve subtle changes at individual level and different intervals, which may affect outcomes of interest.
This study raises an important research topic that can be investigated in future studies. The study intervention was designed to be self-sustaining through, to mention but a few, the standardisation of the process of care, provision of job aids and quality assurance resources, establishment of a healthcare monitoring infrastructure, as well as training and mentoring of a paediatric ward champion (paediatric nurse) to enforce the implementation of the intervention components and act as a healthcare advocate and the go-to health professional for relatively junior nurses. It was unclear whether the intervention alone or the involvement of the research team, or both, had an effect on the outcomes observed during the intervention period, as the withdrawal of the research team saw a reversal in the gains made during this period.
Study strengths
One of the strengths of this study design was its potential to control for selection bias as much as a randomised control trial. [15] The study outcomes were measured objectively and constituted at least 95% of SAM patients who were admitted during the study period. Furthermore, data analysis revealed that the model was free of autocorrelation and involved two comparable groups, a design which is encouraged in ITS analysis. The study involved a relatively wellconceived intervention design which was informed by the literature and practical experience.
Study limitations
The fact that the OLS regression method used in this study assumes a linear trend over time is a possible limitation to consider in light of the reported findings. Despite the measures put in place to verify the quality of the data used in this study, it was not ascertained beyond doubt that all the patients included in the dataset died solely as a result of SAM. Both hospitals receive large number of patients with SAM with HIV comorbidities, and it is possible that some patients may have died of HIV/AIDS rather than SAM. The use of covariates in the model would have been valuable to address this potential problem. The study was not designed to contextualise the trends in mortality during the study period, in terms of the process of care. This would have added value to findings reported here by suggesting some of the reasons why, for example, the intervention effects were not sustained after the intervention was discontinued.
Conclusion
The study showed that the presence of the intervention was associated with non-statistically significant monthly decreases in total CFR and early CFR associated with SAM, and that the discontinuation of the intervention reversed the effects slightly. These findings suggest that although the intervention was designed to be self-sustaining, this may not have been the case. A qualitative ethnographic enquiry into the process of care throughout the study period and the moderating factors responsible for the failure in sustaining such an intervention are encouraged in future research to substantiate the findings presented in this evaluation. 
